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ABSTRACT This paper tests six methods of predicting 
external nasal proﬁle proportions, using the form and 
dimensions of the bony nasal (piriform) aperture. A sample 
of 122 lateral cephalograms was measured and traced 
before each method was attempted, under blind conditions 
where appropriate. Error was assessed by comparing pre- 
dicted to actual proportions. Methods used by the following 
authors were tested: Krogman and Iscan ([1986] The 
Human Skeleton in Forensic Medicine, Springﬁeld: C.C. 
Thomas), Gerasimov ([1955] The Reconstruction of the 
Face on the Skull), Prokopec and Ubelaker ([2002] Foren- 
sic Sci. Commun. 4:1–4), Macho ([1986] J. Forensic Sci. 
31:1391–1403), George ([1987] J. Forensic Sci. 32:1305– 
122:240–250). The two-tangent method by Gerasimov 
([1955] The Reconstruction of the Face on the Skull) was 
found to perform best at predicting a point on the nasal tip 
on male and female preoperative subjects. The method of 
Krogman and Iscan ([1986] The Human Skeleton in Foren- 
sic Medicine, Springﬁeld: C.C. Thomas) performed poorly, 
as did the nasal proﬁle determination method (Prokopec 
and Ubelaker [2002] Forensic Sci. Commun. 4:1–4). The 
other methods, all derived by a process of regression calcu- 
lations, were shown to perform with variable accuracy on 
this sample, despite the age range and ethnicity of this 
sample closely resembling that of the samples from which 
these  methods  were  derived.   
1330), and Stephan et al. ([2003] Am J. Phys. Anthropol.  
 
 
Facial reconstruction or approximation is the procedure of rebuilding a face onto an anonymous skull to aid identi- 
ﬁcation in forensic and archaeological or paleobiological cases (Gerasimov, 1971; Gatliff, 1984; Krogman and Iscan, 
1986; Prag and Neave, 1997; Taylor, 2001). The tech- niques employed can be categorized into two-dimensional 
(2D), three-dimensional (3D), and autonomous computer- generated methods. The 3D method can be further divided 
into the Russian method, originating from Gerasimov (1955), which requires substantial knowledge of facial 
anatomy to predict individual muscle morphology, and the North American method, mainly from Krogman and Iscan 
(1986), which relies mainly on mean tissue depth meas- urements at numerous bony landmarks on the skull. These 
two approaches can be merged to form combination methods that rely more equally on anatomical reconstruc- tion to 
dictate the shape of the face, and tissue-depth data to guide the practitioner. For descriptive purposes, the tis- sue-depth 
method shall be referred to as facial approxima- tion, while the methods which use the gradual rebuilding of underlying 
anatomy, including combination methods, shall be referred to as facial reconstruction. The purpose of facial 
reconstruction/approximation is to recreate a face from the skull that resembles the individual in life enough to promote 
recognition. 
Any method of facial reconstruction/approximation is based on the identiﬁcation of interrelationships between the 
hard and soft tissues of the face. The Roman physician Galen (ca. AD 129–199) is often quoted as saying, ‘‘As poles 
are to tents and walls to houses, so are bones to all living creatures, for other features naturally take their form 
from them and change with them.’’ This analogy serves to illustrate the notion of predictability of soft-tis- sue 
contours from hard-tissue form. However, the impression that bone is a rigid scaffold onto which the soft tis- sues are 
anchored is a misconception, since the hard and soft tissues develop together and directly affect each other through life. 
In addition, the process of evolution, which is driven by functionality, has shaped the facial pattern. Consequently, 
skull shape is created by in vivo internal and external forces exerted upon it by the soft tissue, and by evolutionary 
soft-tissue development. Therefore, the soft/hard tissue relationship is partially reciprocal, rather than facial form 
simply being dictated by the skull (Enlow and Hans, 1996; Larsen, 2001). These complex processes, and their 
functional relationships, must be understood in order to propose causal relationships between bone and soft 
anatomy. Gerasimov (1955) believed that the size of the markings on the skull left by muscle attachments was directly 
related to the size and shape of the muscles. He also claimed that it was wrong to treat the features and details of 
the face as separate elements, and suggested a holistic approach to the composition of the face. 
Early automated computer methods used averaged soft- tissue depth data, essentially to create an ‘‘average face’’ 
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Fig. 1. a: Krogman and Iscan (1986). b: Two-tangent method (Gerasimov, 1955). c: Prokopec and Ubelaker (2002). Line A is 
nasion-prosthion line, line B is parallel to line A and touches rhinion. d: Macho (1986). Measurements were taken in, or perpendic- 
ular to, nasion-sella plane (NSP), and put through relevant regression equation to predict height, length, and depth of nose (deﬁned 
in text). e: George (1987). Line L runs from nasion to point of most ﬂexion beneath nasal spine, point A. Line F is parallel to FHP, 
and passes through point AA, halfway along inferior slope of nasal spine. Projection is percentage of line L (measured from nasion 
to point A) along line F from intersection with line L (60.5% for males, 56% for females). f: Stephan et al. (2003). a, nasal bone 
angle as measured from nasion to rhinion; b, tip of nasal spine to lateral aperture border at base; c, rhinion to most posterior point 
of aperture border, measured perpendicular to nasion/prosthion plane (line A in method 3, c); d, nasal spine angle from FHP (posi- 
tive if above FHP); e, distance of point AA (method 5, in e) from nasion. 
 
of particular age, ethnic group, and sex, and wrapped it 
around the skull to take into account the skull’s basic 
shape (Vanezis et al., 2000). The methods of Krogman and 
Iscan (1986) also rely on mean tissue depths, but incorpo- 
rate the input of the practitioner, who applies various 
observed and quantiﬁed ‘‘rules of thumb,’’ along with per- 
sonal experience and intuition, to interpret the skull and 
produce the face. These methods of Krogman and Iscan 
(1986) were shown to generate recognizable likenesses 
well above chance (Van Rensburg, 1993). Some computer- 
ized methods have a tendency to disregard nuances inher- 
ent in the skull, partly due to the resolution of clinical 
imaging, such as CT and MRI scans, and partly as certain 
details on the actual skull may not be visible but are pal- 
pable. Some of these details are important to facial fea- 
tures, such as the malar tubercles, which dictate the 
attachment of the outer canthi and therefore the angle of 
the eyes (Gerasimov, 1955; Stewart, 1983; Fedsoyutkin 
and Nainys, 1993). 
Stephan (2003a) noted that the morphological predic- 
tion of the majority of facial muscles is difﬁcult due to the 
delicacy and variability of the muscles of facial expression. 
Many of these muscles, while originating on the skull, 
insert into the orbicularis oris sphincter that forms the 
mouth (Sobotta, 1983; Warwick and Williams, 1973), and 
Stephan (2003a) found it difﬁcult to see how this sphinc- 
ter’s morphology could accurately be predicted due to the 
lack of deﬁnable skull markings associated with it. How- 
ever, the origins of muscles that insert into the orbicularis 
oris leave attachment markings on the skull, and with 
anthropological knowledge and experience, it should be 
possible to make justiﬁable estimations as to the position 
of such muscles from one attachment mark rather than 
both, since the areas of insertion into the orbicularis oris 
are predictable to within an acceptable degree of variation 
by the use  of  established  anatomical  standards  (Bron 
et al., 1997; Gosling et al., 1990). A hypothetical advant- 
age of combination methods is the use of tissue-depth data 
alongside facial anatomy, so that in areas such as the orbi- 
cularis oris, the tissue-depth pegs act to guide the hand of 
the practitioner, yet subjectivity is reduced by the inﬂu- 
ence of the contours of the musculature. 
There are still areas of the face where multiple stand- 
ards for reconstruction/approximation exist, and there is 
still disagreement over which technique, if any, to use 
(Stephan, 2003a; Stephan et al., 2003; Wilkinson et al., 
2003). Research into such areas is important for the prog- 
ress of this ﬁeld toward more accurate results. 
Nasal form and dimensions in frontal view were shown 
to be of relatively little signiﬁcance for recognition (Haig, 
1984, 1986; Fraser and Parker, 1986), compared to the 
shape, dimensions, and position of other features and 
overall face shape. However, this may not be the case in 
proﬁle or in three-quarter view (Bruce, 1998), and any 
improvements made in the prediction of the projection 
and form of the cartilaginous nasal proﬁle from cephalo- 
metrical analysis of the nasal (piriform) aperture would 
be useful in lateral 2D and 3D reconstruction/approxima- 
tion of the facial proﬁle. Although frontal images are used 
primarily when publicizing a 3D approximation/recon- 
struction in the USA, this is not the case in the UK, where 
a full rotation of the head is commonly used. 
Several methods are currently used to predict the form 
of the external nose, although there are those who believe 
that it is impossible to predict accurately the shape of the 
nose from the piriform (nasal) aperture (Virchow, 1912, 
1924; George, 1993), or that there is no correlation what- 
soever between the soft and hard nose (Suk, 1935). Still, 
many believe that the nasal bridge and nasal spine can be 
used in various ways to predict the tip of the nose (Gerasi- 
mov, 1971; Krogman and Iscan, 1986; Prag and Neave, 
1997; Wilkinson, 2004). 
The pronasale is generally deﬁned as the most anterior 
point on the nose when the head is aligned in the Frank- 
furt horizontal plane (FHP), which passes through the 
porion (superior border of the external auditory meatus) 
and the infraorbital border. 
Krogman developed a method for pronasale prediction, 
ﬁrst published in 1962 (Krogman and Iscan, 1986), and 
this is commonly used in North American facial approxi- 
mation (Fig. 1a). A line is projected, following the direc- 
tion of the nasal spine, and the average soft-tissue depth 
at midphiltrum is transferred to it (Krogman and Iscan, 
1986). The length of the nasal spine, from the junction 
with the vomer to the tip, is tripled and added to the 
transferred depth. If the junction between the vomer and 
maxilla is invisible, then the length of the nasal spine can 
be taken as the distance between the tip and the lateral 
border of the piriform aperture in proﬁle (Stephan at al., 
2003). Stephan et al. (2003) found that this method 
performed with low accuracy when tested on 59 lateral 
cephalograms. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. A: x, length of most 
distal part of nasal bones, 
which follows an altered direc- 
tion; y, length of nasal bones 
from nasion to rhinion (three 
times x is shown to be less than 
y); ANS, anterior nasal  spine. 
B: a, tangent to end of nasal 
bones (see X in a). b, tangent to 
last 1/3 of nasal bones; NSL, 
nasal spine line. Difference be- 
tween intersections of a and b 
with NSL show amount of over- 
estimation when line b is used. 
 
 
The original rule of Krogman and Iscan (1986) was that 
the soft projection of the nose was equal to three times the 
length of the nasal spine (Krogman and Iscan, 1986; Tay- 
lor, personal communication in 2003). Comparison of three 
times the nasal spine length to the projection of the soft 
nose, from soft subnasale to pronasale using the actual 
soft-tissue depth, may indicate the potential error of using 
the mean soft-tissue depth at subnasale. 
Gerasimov (1955) also developed a method for nasal tip 
prediction, and this is commonly used in anatomically 
based methods of facial reconstruction (Fig. 1b). A line is 
projected following the direction of the nasal spine. A sec- 
ond line, which is a tangent to the most distal portion of 
the nasal bones, is projected, and the intersection between 
the two lines should fall on the tip of the nose. Gerasimov 
(1955) described the relevant distal portion as the last 
third of the length of the nasal bones, but often the change 
in direction of the bone is smaller than a third of the 
length (Fig. 2A).  This  method  was  reported  (Stephan 
et al., 2003) to overestimate nasal projection, but this may 
be due to misplacement of the nasal-bone tangent due to 
strict adherence to the ‘‘last third’’ deﬁnition in cases 
where the nasal bones change direction downward toward 
the end (Fig. 2B). Gerasimov (1955, p. 29 in English trans- 
lation) also stated that the soft part of the nose is a ‘‘natu- 
ral continuation of the bony part.’’ Therefore, it is this 
‘‘drop-off’’ at the most distal part of the bone from which 
the tangent must be drawn. 
In addition, Gerasimov (1955) suggested that the shape 
of the nasal proﬁle could be predicted (Fig. 1c). He took a 
line between the bony nasion and prosthion (the most 
anterior part of maxillary alveolar bone), and drew a par- 
allel touching the rhinion (most distal point on the nasal 
bones). He then mirrored the lateral border of the piriform 
aperture about this line by way of projected perpendicu- 
lars of equal length on either side (Prokopec and Ubelaker, 
2002). Gerasimov (1955) claimed that this illustrated the 
proﬁle of the nasal cartilage, and so added 2 mm to 
account for the skin depth. Stephan et al. (2003) found 
this method to be reliable at predicting pronasale projec- 
 
tion in the FHP when tested on 59 lateral cephalograms. 
However, this method does not take into account the 
asymmetry of the lateral nasal bones, and further study is 
necessary to establish whether asymmetry could be 
accommodated. This technique will be referred to as the 
method of Prokopec and Ubelaker (2002). 
An alternative method to predict the dimensions and 
position of the external nose was suggested by Macho 
(1986), conceived after the hypothesis of Goldhamer 
(1926) of multivariate skull cephalometrics (Fig. 1d) corre- 
lating with external craniometric measurements. Mea- 
surements were taken of the external nose and bony nasal 
aperture in the nasion-sella plane. The seven craniometric 
measurements of the nasal aperture in proﬁle described 
in Macho (1986) (Fig. 1d) were compared to external 
measurements of the height (from soft nasion to soft sub- 
nasale), length (from soft nasion to pronasale), and depth 
(pronasale to soft subnasale), which form a triangle 
describing the external nose. Soft-tissue depths from hard 
to soft nasion, and from hard to soft subnasale, were taken 
as an aid to placement of the triangle of the nose. The two 
sets of measurements were used to generate regression 
equations. Macho (personal communication in 2003) 
acknowledged that this method is impractical for facial 
reconstruction, since the soft-tissue measurements are 
measured from the bony landmark to the soft-tissue land- 
mark, rather than perpendicular to the bone surface. 
Even though minimum skin thickness over the nasal 
bones was a third point of placement, the predicted trian- 
gle of the nose could be moved several millimeters around 
this point if the angles of predicted tissue depth over the 
nasion and nasal spine were altered. However, her results 
suggest a deﬁnite correlation between the bony nose and 
soft nose. 
A method of describing a ‘‘balanced’’ nasal projection 
used by George (1987), ascertained after observation of 54 
cephalograms, and based on ‘‘aesthetic’’ methods of facial 
surgery according to Goode (Powell and Humphreys, 
1984), was also tested by Stephan et al. (2003) and found 
to be more accurate than the methods of Gerasimov (1955) 
and Krogman and Iscan (1986). The technique involves 
drawing and measuring a line (L) from the nasion to the 
‘‘point of most ﬂexion’’ under the nasal spine (Fig. 1e), 
labeled ‘‘point A.’’ A line (F) parallel to the FHP is then 
drawn which passes through point AA, halfway along the 
inferior slope of the nasal spine. The projection of the 
external nose should be equal to a proportion of line L, 
measured along line F from point AA. This proportion is 
60.5% in males, and 56% in females (George, 1987). 
A study of the reliability of most of these nasal proﬁle 
prediction methods was carried out on 59 lateral cephalo- 
grams by Stephan et al. (2003). A new technique was real- 
ized by generating regression equations to quantify links 
between soft and hard dimensions observed in this sample 
(Fig. 1f), in a similar way to Macho (1986). However, this 
study included some postoperative subjects in the sample 
who had undergone orthodontic surgery, and this may 
have compromised the results, since nasal soft-tissue dis- 
placement is plausible following orthodontic treatment. 
The authors suggested that these subjects were included 
as similar individuals might be involved in a forensic 
investigation. Although this is true, it is also the case that 
major orthodontic treatment/surgery would probably be 
evident from the skeletal or dental details to an experi- 
enced odontologist. 
The aim of this research was to establish which, if any, 
currently employed methods of reconstructing the soft tis- 
sues of the nose are accurate and reliable. The six dis- 
cussed methods were assessed and compared, with the 
intention of quantifying errors and the hope of establish- 
ing a deﬁnitive working method of predicting nasal proﬁle 
from using the dimensions of the nasal aperture. 
 
MATERIALS AND METHODS 
The sample consisted of 122 anonymous lateral head 
cephalograms of subjects possessing Caucasoid skulls 
from the Turner Dental School, University of Manchester. 
The sex, age, and skeletal type (I, II, or III) of each subject 
were recorded, along with type of dental occlusal pattern 
(I, IIi, IIii, or III). The sample was not biased toward those 
individuals requiring orthodontic treatment, since many 
subjects required simple dental work. However, 20 scans 
were of 10 subjects who had been subjected to x-rays 
before and after maxillofacial surgery or orthodontic 
treatment, and this variable was considered important 
enough to separate these postoperative subjects from the 
sample. Methods to be tested were numbered as follows: 
 
1. Krogman and Iscan (1986); 
2. Gerasimov (1955); 
3. Prokopec and Ubelaker (2002); 
4. Macho (1986); 
5. George (1987); and 
6. Stephan et al. (2003). 
 
Three tracings were made of each cephalogram, using a 
0.5-mm HB retractable pencil on drafting ﬁlm. Two trac- 
ings recorded the soft proﬁle and bony proﬁle together, 
including the porion (superior border of the external audi- 
tory meatus), to obtain the FHP between the porion and 
the lower border of the eye socket, and the sella turcica, to 
obtain the nasion-sella plane. The third tracing was iden- 
tical to the ﬁrst two, apart from exclusion of the soft-tissue 
proﬁle. The technical error of repeated tracings was 
assessed  by  comparing  craniometric  measurements  of 
 
TABLE 1. Technical error of repeatability of tracings 
  shown as coefﬁcient of variance of error (CVE)   
CVE 
Nasion to prosthion 0.05 
Nasion to rhinion 0.02 
Nasion to soft nasion 0.09 
Rhinion to tip of nasal spine 0.01 
Soft nasion to soft subnasale 0.11 
Length of nasal spine 0.08 
Tip of nasal spine to pronasale in FHP 0.04 
 
 
 
 
tracings to the same measurements on retracings of 10 sub- 
jects. Error was assessed as a coefﬁcient of variation of the 
error (CVE). This was obtained by adding the squared dif- 
ferences between the two measurements, and dividing by 
double the number of subjects tested (Table 1). Retracings 
were also superimposed over original tracings using 
three crosses, marked on both tracings as reference 
points, to judge areas of tracing inaccuracy. Areas of great- 
est inaccuracy were the lateral border of the orbit and the 
lateral borders of the nasal aperture, approximately half- 
way between the rhinion and nasal spine. The CVE was 
low enough to indicate good repeatability of tracing. 
The tracing showing only the bony proﬁle was used to 
test methods 1 and 2. A line of projection was drawn to fol- 
low the direction of the anterior nasal spine. This line 
projects from the anterior nasal spine, following the direc- 
tion of the tapered bone at the end of the spine as if it were 
an arrow. The area at the tip of the spine is used, distal to 
any change in contour of the superior and inferior surfa- 
ces of the anterior nasal spine. This line is referred to as 
the nasal spine line (NSL). This technique ensured that 
the line was identical in methods 1 and 2, and was drawn 
blind to the actual proﬁle of the nose. Repeatability of 
drawing the NSL was assessed using 10 tracings of the 
bony proﬁle, over which NSL was drawn twice, each time 
on a blank, ﬁxed overlay. The angle between NSL and 
FHP was measured on each overlay. The mean of the dif- 
ferences between the two angles was 2.428. This was con- 
sidered low enough to indicate good repeatability of draw- 
ing the NSL. 
The measurements for method 1 were taken ﬁrst. Mark- 
ing the tracing was not necessary, so method 2 could be 
carried out blind, without any inﬂuence from method 1. To 
test method 2, a line was drawn at a tangent to the most 
distal portion of the nasal bones, to follow the altered 
direction of the bone (Fig. 2b). 
A tracing showing both the hard and soft proﬁle was 
then overlaid and aligned using the hard nasion, sella tur- 
cica, and prosthion, which were used as reference points 
due to their high repeatability in tracings. The point of 
intersection of the two tangents was then compared to 
pronasale in the FHP, to test method 2. A Cartesian axis 
was constructed about the FHP and the positions of pro- 
nasale, and the point of intersection of the two tangents 
was deﬁned in x and y dimensions, using nasion as a point 
of reference. The differences between the point of intersec- 
tion and pronasale were measured in terms of x and y. 
Method 1 was then tested on the same pair of overlaid 
tracings, since NSL had been drawn blind to the soft proﬁle, 
and comparison between actual measurements and pre- 
dicted measurements was necessary. The maxillo-vomer 
junction was invisible on many of the cephalograms. In 
these cases, the lateral border of the piriform aperture was 
used to determine the length of the nasal spine (Stephan 
et al., 2003). Accuracy was tested by measuring the pre- 
 dicted length of the nose along the nasal spine line, i.e., 
three times the length of the nasal spine, plus the trans- 
ferred mean soft-tissue depth. This was then compared to 
 
TABLE 2. Paired t-test to compare predicted to actual 
projection using method 1 (Krogman and Iscan, 1986) 
on preoperative subjects 
the projection of the nose in the same plane, since this is 
how the method would be used in practice. 
The following lines were drawn on a blank overlay: 
 
 
Males (n ¼ 28) 
Original 
supposition 
Practical 
method 
FHP, NSL, and a line following the line of the bottom of 
the nasal proﬁle, which will be referred to as the nasal 
angle (NA). The angle between NA and NSL, and the 
angle between NA and FHP, were measured to test which 
plane was more consistent with the angle of the NA. This 
would show whether it would seem justiﬁable to deﬁne 
the tip of the nose as the farthest point from the face along 
the NSL, if this plane took into account the up/down direc- 
tion of projection of the nose more than the FHP. 
Krogman and Iscan (1986) originally found the soft pro- 
jection of the nose, from soft subnasale to pronasale, to be 
three times the length of the anterior nasal spine 
(3[ANS]). The availability of the position of the actual soft 
subnasale made testing this original supposition possible, 
despite its lack of practical application. Comparing the 
magnitude of error when the mean soft-tissue depth was 
used to the error when the actual soft-tissue depth was 
used would show to what extent error was compounded by 
Mean difference (mm) -10.90 -9.30 
P-values (two-tailed) 0.00 0.00 
SD of difference 8.42 9.30 
Correlation with 3[ANS] 0.12 -0.14 
Correlation P-values 0.55 0.48 
Females (n ¼ 41) 
Mean difference (mm) -9.00 -8.90 
P-values (two-tailed) 0.00 0.00 
SD of difference 8.33 8.73 
Correlation with 3[ANS] -0.11 -0.05 
Correlation P-values 0.49 0.75 
 
 
1Indicates no signiﬁcant difference between means of predicted 
and actual values. 
2Indicates signiﬁcant positive correlation between predicted and 
actual values. 
 
TABLE 3a. Comparison of nasal angle with Frankfurt plane 
and nasal spine 
the use of mean soft-tissue depth usage (Table 1). 
Method 3 could have been tested blindly, as in Stephan 
et al. (2003), using separate tracings of the bony proﬁle 
 
n ¼ 36 
Angle between 
FHP and NA 
Angle between 
NSL and NA 
and soft proﬁle, but the use of a single tracing containing 
both the bony and soft proﬁles was preferred, since a 
direct measurement comparison was carried out rather 
than a prediction of nasal proﬁle. A blind test was consid- 
ered unnecessary, and may have increased measurement 
error. 
The cephalometric measurements of the skull used in 
method 4 were measured on the other tracing containing 
both bony and soft proﬁles, and put through the appropri- 
ate series of regression equations speciﬁed by Macho 
(1986). The predicted nasal height, length and depth were 
to be compared to the actual height, length and depth of 
the soft nose. A blind test was also considered unneces- 
sary here, as this method relies upon a fairly complex ser- 
ies of equations, which eliminates bias. 
Method 5 was tested on the same tracing containing 
both the hard and soft proﬁles, since comparison to actual 
dimensions was necessary. Line L was measured, and line 
F was drawn for each subject. A Cartesian axis was con- 
structed about the FHP, and the distance between the far- 
thest projection of the nose in the FHP and line L was 
measured along line F (Fig. 1e). This distance was then 
compared to the appropriate proportion of line L: 60.5% 
for males, and 56% for females. 
The measurements necessary to carry out method 6 
were taken from the same tracing containing both the 
hard and soft proﬁles, using a mm2 grid on an overlay to 
set the horizontal and vertical planes so that angles and 
dimensions could be measured using protractors and digi- 
tal calipers (the FHP and the plane of line L (nasion to 
prosthion) of method 5), because drawing lines directly 
onto the tracing would disrupt the integrity of the proﬁle 
lines. Measurements were inserted into appropriate re- 
gression equations (Stephan et al., 2003) and compared to 
actual nasal projections. 
The sample sizes vary between methods for various rea- 
sons. Method 1 (m28; f41), method 3 (m23; f36), and 
method 6 (m25; f38) required the lateral border of the 
nasal aperture to be clearly deﬁned, which was invisible 
on some cephalograms, possibly due to the thin, tapered 
nature of the bone, or the quality of the x-ray. There were 
Mean 13.63 10.54 
Minimum -14.00 -1.00 
Maximum 38.00 24.00 
Range 52.00 25.00 
Standard deviation 11.81 5.99 
Variance 139.56 35.92 
 
 
 
 
cases where both left and right lateral borders of the nasal 
aperture were visible due to facial asymmetry. The head is 
aligned for x-rays using ﬁxtures ﬁtted into subjects’ ears, 
which appear on the ﬁlm with their centers directly over 
each other. Thus the double shadows around the piriform 
aperture must be from asymmetry of the facial bones, rel- 
ative to the external auditory meati. In these cases, an 
average line was constructed between the two lateral bor- 
ders, maintaining the contour, using the Broadbent- 
Bolton technique (Enlow and Hans, 1996). Data were ana- 
lyzed on SPSS 11.5, using appropriate t-tests, tests for cor- 
relation, and variance analysis. 
 
RESULTS 
Table 2 shows the results for method 1. Postoperative 
subjects were excluded because the postoperative sample 
was not large enough to present statistically valid conclu- 
sions. In practice, the method of Krogman and Iscan 
(1986) seemed to underestimate nasal projection by an 
average of 9.3 mm in males and 8.9 mm in females. Also, 
there was no signiﬁcant positive correlation between three 
times the nasal spine and the actual depth of the soft nose, 
suggesting that the length of the nasal spine (measured 
from the lateral border of the nasal aperture) is not 
related to the soft projection of the nose. 
Table 3a shows the angles between the NA, which is a 
tangent to the inferior border of the soft nose in proﬁle, 
and both the FHP and the line projected in the direction of 
the nasal spine (NSL). There was a difference of approxi- 
mately 5.8 mm between the standard deviations of the 
samples, making the standard deviation of the angle 
between FHP and NA almost twice that of the angle 
 TABLE 3b. One-sample t-test to compare predicted to actual 
projection using method 2 (Gerasimov, 1955) on 
preoperative  subjects 
 
 
Tip deﬁned 
in NSL Tip deﬁned in FHP   
 
 
Males (n ¼ 44) 
x-axis 
error (mm) 
x-axis 
error (mm) 
y-axis 
error (mm) 
Mean difference -0.161 -0.91 -3.61 
P-values (two-tailed) 0.80 0.02 0.00 
SD of difference 1.56 1.92 2.25 
Standard error of 
mean 
0.27 0.34 0.34 
 
Correlation 0.952 0.962 0.912 
Correlation P-values 0.00 0.00 0.00 
Females (n ¼ 67) 
Mean difference -0.341 -0.90 -3.54 
P-values (two-tailed) 0.11 0.00 0.00 
SD of difference 1.89 1.69 1.85 
Standard error of 
mean 
0.23 0.21 0.23 
1 Indicates no signiﬁcant difference between means of predicted 
and actual values. 
2 Indicates  signiﬁcant  positive  correlation  between  predicted 
and actual values. 
 
 
between NSL and NA. Also, the range of angles between 
FHP-NA was more than double the range of angles 
between NSL-NA. An independent-samples t-test was car- 
ried out on the samples, and the results of Levene’s test 
showed a P-value of 0.001, meaning that the variances of 
the samples were signiﬁcantly different. These results 
showed that the NSL followed the NA much more closely 
than the FHP. 
It became apparent while testing method 2 that the tan- 
gents often intersected very close to the surface of the skin 
on the tip of the nose, while pronasale (as deﬁned in the 
FHP) appeared as a point, sometimes millimeters away on 
the tip of the nose. The most extreme example is shown in 
Figure 3. The results of Table 3a, in combination with the 
fact that Gerasimov (1955) did not speciﬁcally deﬁne the 
nasal tip in the FHP, suggest that this deﬁnition of prona- 
sale did not take into account the direction of projection 
of the soft nose, i.e., whether the nose was upturned, 
straight, or downturned. This may explain why previous 
research (Stephan et al., 2003) found this method to be 
inaccurate. Table 3b shows that the NSL crossed the skin 
surface, on average, 3.61 mm from pronasale in the FHP 
(mean difference in y). In addition, the NSL crossed the 
soft proﬁle surface in the area of the tip of the nose, as it 
would be deﬁned in lay terms, on every single subject. 
These observations suggest that the NSL should be 
employed as a plane of measurement in which to test 
error, by deﬁning the tip of the nose. This plane of mea- 
surement would only measure error in one dimension, but 
the angle of the NSL followed the line of the columella 
(nasal angle) much more closely than the FHP, and 
showed good repeatability. 
Table 3b shows that the two-tangent method of Gerasi- 
mov (1955) predicted a point on the nasal tip accurately on 
preoperative subjects, with the nasal tip deﬁned in the 
NSL, but that the method actually underestimated nasal 
projection in the FHP by, on average, 0.9 mm in both males 
and females. This does not seem to be much in practice, 
despite being statistically signiﬁcant, until we take into 
 
 
Fig. 3. Difference between tangent intersection (drawn blind 
to soft proﬁle) and pronasale deﬁned as most anterior point on 
nose, with skull aligned in Frankfurt horizontal plane (FHP). 
 
account the size of the error in the vertical plane, y, which 
was on average 3.6 mm in males, and 3.5 mm in females. 
Figure 4 shows the results for method 2, with the tip 
deﬁned in the nasal spine plane (NSL), of the 10 subjects 
for whom preoperative and postoperative cephalograms 
were available. All values were shown as positive num- 
bers in Figure 4 to help visualize the increase in error 
between pre- and postoperative subjects. The subjects for 
whom the error was an underestimation of the predicted 
dimension are marked with an asterisk. In these cases, 
the predicted dimension was a larger underestimation 
postsurgery. Subjects 3 and 4  were the  same patient, 
before and after a brace (subject 3), and before and after a 
subsequent mandibular osteotemie (subject 4). Although 
there were too few subjects from whom to draw valid stat- 
istical conclusions, this test showed that further research 
is necessary to investigate whether maxillofacial surgery 
signiﬁcantly affects the accuracy of nasal prediction meth- 
ods. This may be the case if these 10 subjects are indica- 
tive of the norm. 
Subjects 1–3 showed the effects of a ﬁxed brace on nasal 
tip estimation. Subjects 4–6 underwent mandibular osteo- 
temies, while subject 7 showed the effect of a maxillary 
osteotemy (which was, surprisingly, relatively small). Sub- 
jects 8–10 had corrective surgery for a cleft lip and palate. 
Although the sample was too small to draw statistically 
signiﬁcant conclusions, Figure 4 shows that the prediction 
of the nasal tip using method 2 was affected by between 
1.46 mm (subject 2; brace) and 19.52 mm (subject 1; brace) 
by orthodontic interference, no matter which type of surgi- 
cal process was used. 
Table 4 shows the results of the analysis of method 3. 
The nose was separated into zones, with ‘‘a’’ toward the 
bridge of the nose, and ‘‘e’’ at the tip of the nose. In this 
case, the means of predicted and actual measurements 
Correlation 0.902 0.952 0.942 
Correlation P-values 0.00 0.00 0.00 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Error of preoperative 
vs. postoperative subjects using 
method  2.  n ¼  postoperative; 
◆ ¼ preoperative. 
 
were analyzed using paired t-tests. The method of Proko- 
pec and Ubelaker (2002) appeared to work at ﬁrst glance, 
since there was no signiﬁcant difference between the 
means of predicted and actual dimensions in most areas 
on male and female noses. However, there was no signiﬁ- 
cant positive correlation in any area. Therefore, the mag- 
nitudes of speciﬁc predicted and actual measurements 
were unrelated to each other, and the similarity between 
the means of the samples was coincidental. 
The results of method 4 are shown in Table 5. The 
method of Macho (1986) only worked to predict the length 
of female noses of preoperative subjects in this sample, 
since the means of samples were not signiﬁcantly differ- 
ent, and a signiﬁcant positive correlation between pre- 
TABLE 4. Paired t-test to compare predicted and actual 
projection using method 3 (Prokopec and Ubelaker, 2002) 
on preoperative subjects 
 
 
Differences between proﬁle 
prediction lines and actual 
  proﬁle (mm)   
a b c d e 
 
 
Males (n ¼ 23) 
Mean difference (mm) -0.581        1.151 2.41   1.471 0.701 
P-values (two-tailed) 0.53 0.35 0.02   0.07 0.46 
SD of difference 3.35 4.24 3.91   3.27 3.66 
Standard error of mean 0.90 1.18 0.95   0.77 0.92 
Correlation 0.45 0.49 0.30   0.33 0.24 
Correlation P-values 0.11 0.09 0.24   0.18 0.36 
dicted and actual dimensions was seen. However, there Females (n ¼ 36) 1 1 1 1 
were signiﬁcant positive correlations in all areas except Mean difference (mm) -0.31 0.33 2.74   1.49 1.48 
for depth of male noses, which suggested a link between 
hard and soft dimensions (although not necessarily a 
causal link). The method signiﬁcantly overestimated all 
dimensions except nose length in females. 
Table 6 shows the results for method 5. There was a sig- 
niﬁcant difference between predicted and actual nasal 
projection in preoperative patients, although signiﬁcant 
positive correlation was apparent. This suggested a link 
between the nasion-point AA (line L) distance and nasal 
projection in preoperative subjects (Fig. 1e), but the ratios of 
60.5% for males and 56% for females used in the method of 
George (1987) did not apply to the sample tested, and over- 
estimated nasal projection by, on average, 1.4 mm in males 
and 0.9 mm in females. This amount is small in practice, 
despite being statistically signiﬁcant. The lack of correlation 
in postoperative patients suggested the absence of a link 
between line L and nasal projection, although the sample 
was too small to draw statistically valid conclusions. The 
small size of the postoperative group may also explain why 
such a large mean error of 2.51 mm is not considered statis- 
tically signiﬁcant. 
P-values (two-tailed) 0.51 0.75 0.01   0.07 0.08 
SD of difference 2.20 4.35 5.45   4.77 4.08 
Standard error of mean 0.46 1.02 1.00   0.81 0.82 
Correlation -0.08 0.14 -0.32   0.01 -0.10 
Correlation P-values 0.71 0.57 0.09   0.97 0.65 
 
 
1 Indicates no signiﬁcant difference between means of predicted 
and actual values. 
 
Table 7 shows the results of method 6. The difference 
between the means  of predicted and  actual projection 
showed that the method of Stephan et al. (2003) underes- 
timated nasal projection by, on average, 2.2 mm in males 
and 1.1 mm in females in this sample: again, not a great 
deal in practice despite being statistically signiﬁcant. This 
is compared to an overestimation by 0.2 mm in males and 
an underestimation by 0.1 mm in females in the sample 
from which the regression equations were derived (Ste- 
phan et al., 2003). In both cases, the error was 11 times 
larger in the current sample. A signiﬁcant positive corre- 
lation in females suggested a link between the craniomet- 
ric measurements used for prediction and the actual pro- 
 
 
TABLE 5. Comparison of predicted and actual projection using 
method 4 (Macho, 1986) on preoperative subjects 
 
TABLE 6. Comparison of predicted and actual projection using 
method 5 (George, 1987) 
 
 
Height Length Depth Male 
preoperative 
Female 
preoperative 
Postoperative 
subjects 
Males (n ¼ 44) 
Mean difference (mm) 3.66 2.26 1.20 
  (n ¼ 44)  (n ¼ 62)  (n ¼ 10)   
P-values (two-tailed) 0.00 0.00 0.03 
SD of difference 3.14 3.07 3.49 
Mean difference 
(mm) 
1.36 0.86 2.511 
Standard error of mean 0.47 0.46 0.53 
Correlation 0.652 0.662 -0.11 
P-values (two-tailed) 0.01 0.03 0.18 
SD of difference 3.01 3.09 5.45 
Correlation P-values 0.00 0.00 0.47 
Females (n ¼ 53) 
Standard error 
of mean 
0.48 0.39 1.72 
Mean difference (mm) 2.12 0.141 1.24 
P-values (two-tailed) 0.00 0.71 0.00 
SD of difference 2.53 2.72 1.69 
Standard error of mean 0.35 0.37 0.23 
Correlation 0.802 0.792 0.682 
Correlation P-values 0.00 0.00 0.00 
 
 
1 Indicates no signiﬁcant difference between means of predicted 
and actual values. 
2 Indicates  signiﬁcant  positive  correlation  between  predicted 
and actual values. 
 
 
jection. No positive correlation, and hence no link, was 
shown in males. 
Figure 5 gives a summary of relevant results for all 
methods tested. The method was more accurate, the closer 
the mean difference between predicted and actual mea- 
surements was to zero, on the condition that a signiﬁcant 
positive correlation was apparent. Only regions c, d, and e 
are included for method 3, since these are closer to the tip 
of the nose. 
 
DISCUSSION 
Method 1: Krogman and Iscan (1986) 
This method performed the worst, underestimating the 
projection of the nose by a relatively large amount in all 
cases: 9.3 mm in males, and 8.9 mm in females (Fig. 5). 
However, Stephan et al. (2003) found the method to 
underestimate nasal projection by just 1.9 mm in males 
and 4.1 mm in females. The signiﬁcant error, along with 
the fact that there was no signiﬁcant positive correlation 
between predicted projection and actual projection, illus- 
trates the high variability of this method’s accuracy and 
the lack of a relationship between nasal spine length (as 
measured from the lateral border of the piriform aperture 
in proﬁle) and nasal projection. As Stephan et al. (2003) 
noted, the method may well perform better when used on 
actual skulls as opposed to lateral radiographs, since the 
length of the nasal spine could be measured directly from 
the vomer-maxillary junction rather than the lateral bor- 
der of the piriform aperture. 
Further study needs to be carried out, using actual 
skulls rather than lateral radiographs, to determine if 
there is a signiﬁcant positive correlation between nasal 
spine length measured from the lateral border of the aper- 
ture and from the vomer-maxillary junction. If this is the 
case, combined with these results, it would suggest that 
the length of the nasal spine is not linked to the projection 
of the external nose. 
 
Method 2: two-tangent technique 
(Gerasimov, 1955) 
This method gave the most accurate results and pre- 
dicted the position of a point on the tip of the nose on the 
Correlation 0.652 0.392 -0.01 
Correlation P-values 0.00 0.00 0.97 
 
 
1 Indicates no signiﬁcant difference between means of predicted 
and actual values. 
2 Indicates  signiﬁcant  positive  correlation  between  predicted 
and actual values. 
 
TABLE 7. Comparison of predicted and actual projection using 
  method 6 (Stephan et al., 2003) on preoperative subjects   
  Male (n ¼ 25) Female (n ¼ 38) 
Mean difference -2.22 -1.14 
P-values (two-tailed) 0.03 0.03 
SD of difference 4.91 3.19 
Standard error of mean 0.98 0.52 
Correlation 0.07 0.691 
Correlation P-values 0.07 0.00 
 
 
1 Indicates  signiﬁcant  positive  correlation  between  predicted 
and actual values. 
 
 
NSL to within 1 mm. The angle of projection was also 
determined by the direction of the projected line from the 
nasal spine (as with method 1). Stephan et al. (2003) found 
that this method performed poorly, overestimating nasal 
projection by 6.3 mm in males and 4.3 mm in females. 
There may be a number of factors causing this interstudy 
inconsistency, including intersample variation, variation 
in the placement of landmarks, the use of postoperative 
subjects, and/or problems associated with small sample size. 
In addition, since the FHP is a plane of skull alignment 
which does not take into account the direction of nasal 
projection, the use of this plane may have shown false 
error. The inconsistency between the two sets of results 
may also be due to alignment of the tangent to the nasal 
bones, which could cause overestimation of projection, as 
described in the introduction (Fig 2b), or differences in the 
angle of NSL, since Stephan et al. (2003) reported that 
their NSL was ‘‘hardly related to the general direction of 
the columella (male r2  ¼ 0.07, female r2  ¼ 0.05),’’ and 
that deﬁning NSL was rather subjective. 
Gerasimov (1955) did not speciﬁcally state that the nasal 
tip should be deﬁned in the FHP. In actuality, the ‘‘tip’’ of the 
nose covers quite a substantial area on the end of the nose, 
and deﬁning the tip on the nasal spine projection plane 
appears reasonable, since the NSL follows the nasal angle 
quite closely, and always crosses the skin surface in the area 
of the tip of the nose. This could imply a relationship to the 
direction of growth of the septal cartilage, which is related 
to the nasal spine, and which gives the nose its proﬁle form. 
 
Method 3: nasal proﬁle method (Prokopec 
and Ubelaker, 2002) 
It was clear from the lack of positive correlation between 
predicted and actual measurements that this method did 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Grey bars indicate 
signiﬁcant positive correlation 
between predicted and actual 
measurements. M ¼ Male. F ¼ 
Female. 1 ¼ Krogman and 
Iscan (1986). 2 ¼ Gerasimov 
(1955): N ¼ tip in NSL; X ¼ X 
in FHP; Y ¼ Y in FHP. 3 ¼ Pro- 
kopec and Ubelaker (2002): c ¼ 
mid-nose; d ¼ lower nose; e ¼ 
tip of nose. 4 ¼ Macho (1986): 
h ¼ height; l ¼ length; d ¼ 
depth. 5 ¼ George (1987). 6 ¼ 
Stephan et al. (2003). 
 
not accurately predict the shape of the nasal proﬁle. The 
lengths of the projected perpendiculars between the lateral 
aperture border and line B were unrelated to the lengths of 
the perpendiculars between line B and the surface of the 
nose. This is true despite the coincidental similarity 
between the means of the two sets of perpendiculars. 
Furthermore, in areas a, c, and e on female noses, there 
was a negative correlation, suggesting an inverse relation- 
ship between the lengths of the sets of perpendiculars at 
the top, middle, and bottom of the female noses tested 
(Table 4), i.e., the shorter the distance between aperture 
border and the ‘‘mirror line,’’ the longer the distance 
between the ‘‘mirror line’’ and the surface of the nose. 
This variation in types of correlation suggested a lack of 
a direct relationship between the shape of the lateral bor- 
der of the piriform aperture and the shape of the nasal 
proﬁle as mirrored about the proposed line from rhinion. 
Stephan et al. (2003) found that this method performed 
rather well at predicting projection in the FHP, and the 
interstudy inconsistency may be due to sample variation. 
 
Method 4: Macho (1986) 
Signiﬁcant positive correlation in all areas, except the 
depth of male noses, suggested a link between the cranio- 
metric dimensions measured in the method by Macho 
(1986) and the dimensions of the external nose. As it is, 
this method overestimated the height and depth of both 
male and female noses and the length of male noses in this 
sample by signiﬁcant amounts, as shown in Table 5. The 
length of female noses was predicted accurately. 
 
Method 5: George (1987) 
The method of George (1987) produced similar results 
to method 4. A positive correlation was recorded between 
the distance from nasion to point AA, and the projection of 
the nose in the FHP in both males and females. The error 
was smaller than for methods 4 and 6, overestimating the 
projection by, on average, 1.4 mm in males and 0.9 mm in 
females. 
Stephan et al. (2003) showed an underestimation of 
1.5 mm for men and 2.8 mm for women using this method. 
The results of the two studies suggest that the method of 
George (1987) can predict nasal projection in the FHP rea- 
sonably well for Caucasoid skulls. In practice, this tech- 
nique tells us nothing of the position of the nasal tip in 
a vertical plane or the shape of the nose in proﬁle. Even 
though George (1987) found the nasal angle to be 228 from 
the FHP in both males and females in his sample, he com- 
mented on the large variability of this angle between indi- 
viduals, and even throughout life. This method could be 
useful to predict nasal projection in the FHP of damaged 
skulls, where nasal bones and/or the anterior nasal spine 
were broken or obliterated completely. 
 
Method 6: Stephan et al. (2003) 
This method underestimated nasal projection by, on 
average, 2.2 mm in males and 1.1 mm in females. The lack 
of a positive correlation in males suggested no link 
between the craniometric dimensions used and the projec- 
tion of the nose in the FHP. However, a positive correla- 
tion was seen in females, so female pronasale projection 
could be determined on this sample quite accurately, using 
the regression equations derived by Stephan et al. (2003). 
However, the complexity of this method and the time 
taken to measure three distances and two angles, with the 
skull aligned in two planes, make it impractical when 
more accurate results can be achieved using either 
method 2 or 5, both of which are quicker and simpler to 
carry out. 
 
CONCLUSIONS 
These results suggest that the most useful, practical 
method of nasal tip prediction is the two-tangent method 
(Gerasimov, 1955). On preoperative subjects, this method 
can predict a point that lies on the surface of the nose at 
the tip, in the plane of the projected line from the nasal 
spine. Where the nasal bones are incomplete or a postop- 
erative subject is assessed, then the method by Gerorge 
(1987) appears to be the most useful method of nasal pro- 
jection prediction. 
The nature of regression equations is to generate highly 
accurate results when tested on the sample from which they 
were derived. Therein lies an inherent ﬂaw of regression 
analysis. These results showed that formulae elicited from 
regression analyses sometimes do not work on other popula- 
tion samples, even when comprised of subjects of similar 
racial origin and age. This applies to methods 1, 4, 5, and 6. 
In some cases there was no signiﬁcant positive correlation 
between predicted and actual measurements in this sample 
(methods 1 and 4 for male nasal depth, and method 6 for 
males), which suggests the lack of a strong, direct link. 
Perhaps techniques that rely on functional relation- 
ships or known growth patterns would be preferable to 
regression formulae, simply because they apply to a much 
broader cross section of the population, with the notable 
exception of postoperative subjects if the current sample 
is indicative of the norm. While regression equations may 
be useful for discovering links within a population (Ste- 
phan, 2003b; Stephan et al., 2003; Wilkinson and Maut- 
ner, 2003; Wilkinson et al., 2003), presuming their effec- 
tiveness outside of the sample population may be ill- 
advised, since they deal with abstract measurements. 
Further research into this area should attempt to ﬁnd 
functional relationships between morphological skeletal 
and soft-tissue features. 
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